INTRODUCTION
Overweight and obesity are a growing public health problem worldwide. The prevalence is increasing rapidly in countries of all income levels (high, medium and low). Since 1975, obesity levels have nearly tripled worldwide. In 2016, 39% of adults aged 18 years and over were overweight and 13% were obese. 1 In Serbia, as globally, the increasing prevalence of overweight and obesity is an important public health challenge. In 2013, among adults aged 20 years and over, 56.3% were overweight and 21.2% were obese, 2 whereas in 2006 these figures were 54.5% and 18.3%, respectively. 3 The rise in obesity in Serbia, as in other middle-income countries, is likely due to a variety of factors, including increased food energy supply, economic transition, globalization of the world food market, and social and cultural changes. 4 However, there is currently a lack of detailed analysis of obesity in Serbia.
Socioeconomic status has been found to be an important factor associated with obesity.
In most studies, occupation, education and income are used as socioeconomic status indicators and the results regarding their associations with obesity vary depending on the type of study, population selected, gender, age and indicators used. 5, 6 In high-income countries, an inverse relationship between socioeconomic status and obesity has been reported, 7, 8 while in middle and low-income countries, studies have shown a strong direct relationship between socioeconomic status and overweight/obesity both among men and among women. [9] [10] [11] [12] The objective of the present study was to assess the relationship between socioeconomic and nutritional status in the Serbian adult population. orcid.org/0000-0002-2387-6596
METHODS

Setting, study design and ethical concerns
We used cross-sectional data on the Serbian adult population from the 2013 National Health Survey, which has been described in detail elsewhere. 13 The Ethics Review Board of the Institute of Public Health of Serbia (Decision number 5996/1, of October 1, 2013) and the Ministry of Health of the Republic of Serbia issued the necessary approval for undertaking this study.
Study population
The sample was chosen by using a stratified, two-stage nationally representative random sampling approach, using population data from census records that were generated in the year 2011. Four geographical regions of Serbia, including urban and rural areas (Vojvodina, Belgrade, Šumadija and Western Serbia, and Eastern and Southern Serbia) were identified in the sample.
The units of the first stage of sampling were census enumeration areas, while the units of the second stage of sampling were randomly selected households.
A total of 670 census enumeration areas within each region with probability proportional to size were selected during the first stage. Households were selected using computer-generated simple random sampling without replacement. The number of households selected in each selected enumeration area was 10, plus three backup households. Representatives from backup households were interviewed only if individuals in some of the first 10 households
were not found. If the members of a household refused to be interviewed, no backup household was contacted.
In the end, out of a total of 10,089 households that were contacted, members of 6,500 households agreed to participate in the survey, thus constituting a response rate of 64.4%, and personal visits were made to each one of these households. Out of the 12,722 members of these households who were aged 20 years and over, 12,461 were interviewed, which yielded a response rate of 97.9%. Face-to-face interviews and anthropometric measurements were carried out at participants' homes by trained staff, consisting of two interviewers and a healthcare worker. All respondents were informed about the purpose of the study and gave their written consent to participate.
Study variables
The variables assessed included sociodemographic characteristics (age, sex, region, education, marital status, employment status, wealth index, as calculated below, and type of settlement) and objective findings (weight, height and waist circumference).
These were used to analyze socioeconomic inequalities according to sex and nutritional status, among the subjects selected.
Standard procedures for measurements of weight, height and waist circumference were used. 
Statistical analysis
Continuous variables were described in terms of means and standard deviations, while categorical variables were expressed as frequencies and percentages. Prevalence rates with appropriate 95% confidence intervals (CI) were estimated for the six categories of body mass index (BMI), separately for males and females.
All reported age-adjusted estimates were weighted using probability-sampling weights. The impact on the precision of stratification of the sampling weights from the variance estimates and confidence intervals reported was accounted for by using Taylor Station, TX, USA) and the complex sampling design was taken into account. Statistical significance was set at two-sided P < 0.05.
RESULTS
The study included 12,461 participants of both sexes, with mean age 48.8 ± 17.0 years. Slightly more females than males partici- . Overweight was significantly more frequent among men than among women ( Table 1 ).
Significant differences were noticed for all variables according to age and gender (with the exception of gender distribution in certain geographical regions). Therefore, further analyses were performed separately for men and women and the prevalences of the BMI categories were adjusted according to age. The prevalences of overweight/ obesity according to sociodemographic variables, after adjustment for age, are shown in Table 2 (for men) and Table 3 (for women).
There were significant differences (P < 0.001) in the distribution of overweight and obesity among men across age groups. Most of the overweight men were in the 20-44 age group and most of the obese men belonged to the 45-64 age group. The prevalences of overweight and obesity differed significantly in relation to all sociodemographic characteristics with the exception of geographical region ( Table 2) . Most of the overweight men were living in urban settlements, had high educational level, were married, were employed and had a high wealth index. Men with BMI ≥ 30 kg/m 2 more frequently lived in rural settlements, had secondary education, were married, were employed and had a low wealth index ( Table 2) . and were in the medium wealth index group (32.9%). Most of the obese women were of low education level (31.2%), were inactive (28.4%) and had a low wealth index (27.7%) ( Table 3 ).
The associations of BMI categories with sociodemographic variables according to multivariable logistic regression are shown in Tables 4 and 5 for men and women respectively. Among the men, the multivariable logistic regressions showed that the participants who belonged to the 45-64 age group were more obese than those aged 65 years and over, as were also those who lived in rural settlements. The men who were living without a partner and were economically inactive were less frequently obese than were the men who were married and employed, respectively. Grade I obesity was significantly positively related to the richest group according to the wealth index ( Table 4) . Among the men, the risk of being overweight was higher for those with medium and high education levels, as well as for those with medium and high wealth indexes, while the men living without a partner were less likely to be overweight. Underweight was significantly more frequent among the men who were living without a partner ( Table 4) .
Among the women, the risk of obesity increased with age, and it was significantly higher among those who were married, had low education level, were economically inactive and were unemployed ( Table 5) . High wealth index was associated with lower risk of grade II obesity among women ( Table 5) . Overweight was less frequent among women who were in the youngest age group, who had had secondary and higher education and were living without partner. Underweight was significantly more frequent among young women, women living without a partner, women who were economically inactive or unemployed and those with low wealth index ( Table 5 ).
DISCUSSION
Our study showed that there were significant socioeconomic inequalities regarding nutritional status. These data, from a nationally representative sample of Serbian adults aged 20 years and over, suggest that low socioeconomic status, as measured according to education, employment and wealth index, was associated with obesity. Moreover, gender differences regarding the association between socioeconomic status and obesity were found.
The primary findings from many studies in middle and lowincome countries have shown that there is a strong and direct relationship between socioeconomic status and overweight/obesity, both among men and among women. 9, 10 This implies that the higher the socioeconomic status is, the more frequent obesity Economically inactive (students, disabled persons, pensioners and housewives). Normal (0) and other body mass index categories (1); 1.00: referent value; the dependent variables formed six different models: each body mass index category vs. normal weight as referent category, and obesity (including all subjects with body mass index ≥ 30 kg/m 2 ) versus normal weight as referent category. Economically inactive (students, disabled persons, pensioners and housewives). Normal (0) and other body mass index categories (1); 1.00: referent value; the dependent variables formed six different models: each body mass index category vs. normal weight as referent category, and obesity (including all subjects with body mass index ≥ 30 kg/m 2 ) versus normal weight as referent category.
also is. The results from high-income countries have implied an inverse relationship between socioeconomic status and obesity, both among men and among women. 7, 8 Serbia belongs to the category of upper middle-income countries, with a poverty rate above 10%, and our results show that the prevalence of obesity was highest among those who belonged to the lowest socioeconomic class, among women but not among men.
This relationship between socioeconomic status and obesity, shown through our study, is similar to findings from several other studies in middle-income countries such as Thailand, the Philippines and China. [17] [18] [19] These studies have suggested that a transition is taking place regarding the relationship between socioeconomic status and obesity, from the pattern of middle-income countries to the pattern of high-income countries, and that this pattern was comparatively faster among women than among men.
In Brazil, Monteiro et al. also suggested that obesity was increasing faster among low socioeconomic status groups. 20 Gender differences regarding the association between socioeconomic status and obesity are complex and may be explained by other factors such as health-related behavior and sociocultural norms. 21, 22 Social pressure to be slim is stronger among women, particularly in higher socioeconomic status groups. 23 Among men, overweight and obesity occur more frequently among those who belong to middle and high social classes, according to the wealth index, and among those with middle and higher education levels. The absence of any association between low socioeconomic status and overweight/obesity among men can possibly be explained through the fact that men with low socioeconomic status are more likely to have physically demanding professions.
In our study, a low level of education was associated with higher risk of being overweight and obese, among women, while this was not the case among men. Many studies have found an inverse relationship between educational attainment and obesity, although direct, null and U-shaped associations have also been observed. 24 The EPIC Panacea study observed that in all the countries involved, body mass index was significantly lower in all higher education categories, compared with the lowest education level. The same study showed that among women, but not among men, the difference between highest and lowest education status was still statistically significant among non-obese subjects. 10 Sabanayagam et al. 25 showed in relation to an adult Chinese population that there was an inverse relationship between the level of education and the prevalence of overweigh/obesity among women, such that the highest prevalence of obesity was among the women whose education level was primary school or lower. In the same study, the prevalence of overweight/obesity was lowest among men with post-secondary education. 25 In our study, both overweight and obese women who were economically inactive and obese women who were unemployed showed positive associations with body mass index. In contrast, there was a negative association with body mass index among men who were economically inactive.
Ball et al. demonstrated associations between employment
status and body mass index among women, after controlling for age. 26 Women who were employed full-time had lower body mass indexes and presented lower risk of overweight than did women who scored lower regarding the employment factor. The relationships observed among these factors were less consistent for men.
The relationship between employment and the risk of overweight was the reverse of that among women: men who scored lower in the employment domain were at lower risk of being overweight than were those with higher scores.
There are very few studies in the literature describing the relationship between socioeconomic status and being underweight. 27, 28 In our study, underweight was more frequent among adults of both sexes who lived in rural settlements, had low education level, were living without a partner, were unemployed and had a low wealth index. Men older than 65 years were more frequently underweight, while among women, the frequency of underweight was highest among those aged 20-44 years.
The main strength of our study is that it used a large representative sample. However, there were several limitations. First, the cross-sectional study design does not allow the causality of the relationship between socioeconomic status and BMI to be considered. Second, the self-reporting of socioeconomic data may be biased and may lead to exposure misclassification. This may attenuate or overestimate relationships between socioeconomic status and obesity. Third, we did not explore mediating factors, such as dietary intake and sedentary behavior.
CONCLUSION
Our study showed gender-specific associations of socioeconomic status with body mass index among Serbian adults. The results from this study can be generalized for the entire adult population in Serbia, since a nationally representative sample was used.
Continuous monitoring of socioeconomic patterns in relation to weight is important, especially for further exploration of the link between education and obesity, since this may lead to development of appropriate education-based policies to counteract recent trends regarding obesity. Further studies are needed to clarify the underlying mechanisms in the relationship between socioeconomic status and obesity.
